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SYNOPSIS 
The aim of this thesis is to explore the potential of femtosecond laser microstructuring in a silica glass optical fiber in order to produce 
functionalized sensor element. In the first step of this work, femtosecond laser irradiation to optical fibers is experimentally demonstrated 
to obtain the processing condition in terms of irradiation parameters and focal conditions, for two methods of internal modification and 
laser drilling. Using the condition with the parameters, the fabrication of microstructures is performed to implant sensing function into 
optical fibers. In the fabrication using internal processing, micro voids are asymmetrically arranged along the optical axis of optical fiber 
by using a single shot of 210 fs pulse with a pulse energy of 4 µJ at a wavelength of 800 nm. The non-axisymmetric disposition of the 
micro-void array allows bending direction to be detected by observing increases and decreases in the light intensity propagated in the 
core. A 2 mm-long sensor element gives average sensitivities of -0.08 and +0.06 dB/mm over a 5 mm displacement range for two 
bending directions. For the second experiment, femtosecond laser drilling is successfully applied to fabricate a through-hole array in a 
multi-mode optical fiber for fiber optic in-line spectroscopic measurement, using the irradiation parameters adjusted in a pulse train of 1 
kHz during 1.2 s, with a pulse width of 350 fs and a pulse energy of 15 μJ per pulse irradiation at a wavelength of 400 nm. Fabricated 
through holes penetrate the fiber core and work to be a sample cell for a spectroscopic measurement. The spectroscopic measurement 
will be shown for several liquids including dye of rhodamine 6G (R6G). Even with a single cell volume of approximately 20 pL, the 
absorption spectrum is appeared in the visible range centered at 530 nm which corresponds to the peak absorption wavelength of R6G. 
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Fig. 1 レーザパルス幅による加工の違い[6] 
 
(a) With nanosecond laser (b) With femtosecond laser
SEM image of a hole drilled
in a thin steel foil with 200 fs
SEM image of a hole drilled





































































光損失）を観察するために，波長 1310nm の LED 光源とパ






Pulse width :  210 fs
Wavelength :  800 nm
Pulse energy :  1 mJ
Wavelength converter
Pulse width : 350 fs
Wavelength : 400 nm
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の 2方向に曲げを与えた．測定結果を Fig.4と Table 1に示


























ザ発振パラメータは，波長 400nm，パルス幅 350fs，1 つの
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m S 01: S ingle cell
S 10: Ten cells
Measurement
(α, β) = (0.16, 1.00)
(α, β) = (0.10, 1.00)
(α, β) = (0.16, 0.05)
(α, β) = (0.16, 0.10)
(α, β) = (0.16, 0.25)
(α, β) = (0.26, 0.14)
(α, β) = (0.26, 0.25)






















R6G concentration, c (mol/L/10-3)
Intensity change
in bending direction A
Intensity change










(dB at 5 mm)
Average sensitivity 
(dB/mm)
0.5 0.51 -0.14 -0.03 +0.04 +0.01
1 1.05 -0.20 -0.04 +0.13 +0.03
2 2.01 -0.41 -0.08 +0.27 +0.06






(a) S ide view (b) The cross section
18 μm
10 μm



































  cLTA   10log ，    （1） 
ここで Tは透過度，ελ（L/cm mol）はモル吸光係数である． 
濃度とセル数に対する吸光度Aλの非線形な変化を調べるた
めに，面積とセル長の係数 α と β を式（1）に導入する．係
数 α（<1）は，実効的な作用面積であり，光ファイバコアと
セルの断面積の比で定義される．β（ 1）は実効的なセル長
の係数で，セル長 L を貫通セルの直径 L’とセル数 n，β の積
に置き換えることで式（2）を得た． 
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